SYNOPSIS
The clinical features and necropsy findings are described in three cases in which severe and rapidly progressive muscle weakness developed in association with carcinoma of the bronchus. In all three cases, muscular weakness was directly responsible for death. Histological and ultramicroscopical examination in all cases showed an unusual type of degeneration of muscle fibres accompanied by degeneration of intramuscular nerve fibres, but without involvement of the central nervous system, or of the peripheral nerve trunks. The findings are compared with those of previously reported cases, and possible mechanisms for the muscle degeneration are discussed.
Many neurological and neuromuscular syndromes have now been ascribed to nonmetastatic effects of carcinoma (Brain and Adams, 1965; Henson, 1969) and these clinical syndromes are associated with pathological changes involving brain, spinal cord, peripheral nerve, or muscle. Probably the muscle disorder most commonly associated with carcinoma is the myasthenic-myopathic syndrome, in which the pathological changes in muscle are nonspecific and mild in relation to the clinical disability (Henson, 1969) . Polymyositis may also occur in patients with carcinoma, and in these cases the clinical and pathological features are indistinguishable from those of idiopathic polymyositis (Adams et al., 1962; Adams, 1969) . Denervation atrophy of muscle has also been reported in carcinomatous syndromes, caused either by peripheral neuropathy or by the socalled carcinomatous motor neurone disease Shy and Silverstein, 1965) .
Acute necrotizing myopathy associated with carcinoma was first described by Barbara Smith (1968 in reports of three cases, and subsequently by Urich and Wilkinson (1970) . This paper presents the clinical features and necropsy findings in three cases similar to those described by these authors. (Accepted 31 October 1974.) 
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METHODS
Paraffin sections stained by routine methods were prepared from postmortem tissues, and for the examination of intramuscular nerve fibres, the method of Schofield (1960) was applied to frozen sections. For electron microscopy, tissue which had been stored in 10% formalin for two months was used; small pieces of the muscle were washed in buffer, post-fixed in 1% osmium tetroxide, and washed again in buffer, before being dehydrated in successive alcohol solutions and embedded in Araldite.
CASE 1
Female, aged 72 years (NP.1970) . This lady presented with a history of a cough for four weeks and chest radiograph showed a tumour of the right upper lobe of the lung. She was given a course of radiotherapy, after which the mass had apparently resolved and she was well. One week later she was admitted to hospital because she had rapidly developed weakness of her arms and difficulty in walking.
On examination, the cranial nerves were intact but motor power was symmetrically reduced in all muscle groups in the upper and lower limbs. Sensation was normal, tendon reflexes equal and normal, and plantar responses were flexor. The results of electromyography (which was a very limited examination on account of the patient's severe weakness and lack of cooperation) were suggestive of myopathy. was almost entirely absent, and phagocytosis of necrotic muscle was only rarely present. Muscle spindles appeared to be similarly affected by the disease process, showing degeneration of intrafusal fibres within their intact capsules (Fig. 2) . Stains for nerve axons revealed a widespread, severe, active degeneration of terminal nerve fibres with droplet degeneration of axons, and axonal swellings. In addition, striking regenerative changes were present, in the form of fine, branched, sometimes beaded fibres with multiple end-plates on single muscle fibres (Fig. 3 ).
ELECTRON MICROSCOPY Grids from four separate portions of muscle were examined. The necrotic muscle fibres were recognized in 1 ,um thick sections using the light microscope and then with the electron microscope at low magnifications. It was clear that these abnormal muscle fibres were affected by a severe form of necrosis, and higher magnifications showed that most of the formed elements had dis- appeared from the necrotic muscle fibres (Fig. 4) . No myofilaments could be recognized and no band structure was apparent. No tubules or sacs of endoplasmic reticulum were present. The inner membrane of the sarcolemma had degenerated leaving only the outer basement membrane as the boundary of the cell. The muscle cell contained a finely fibrillar electron-dense material suggestive of denatured protein and the only formed elements seen were mitochondria, which were numerous and arranged irregularly throughout the cell. No sarcolemmal nuclei were seen in the necrotic muscle cells. No inflammatory cells were found either in or around the muscle fibres.
PERIPHERAL NERVES The femoral, median and radial nerves were not significantly abnormal. admitted to hospital as a medical emergency, because of rapidly progressive weakness of her arms and legs, accompanied by aching pain. She had no sensory symptoms, nor were there any symptoms referable to any other systems.
On examination, her general condition was good but she was noted to have a plethoric face and to have a blood pressure of 150/80 mmHg. Neurological examination revealed no abnormality of the cranial nerves, but there was considerably diminished power in all muscle groups of both upper and lower limbs and the trunk which was symmetrical and involved proximal and distal muscles alike. Sensation was entirely normal, tendon reflexes were present and equal, and plantar reflexes were flexor. Radiology of the chest carried out on the day after admission revealed a moderately large opacity in the left lung, and she was therefore transferred to the thoracic surgery unit for operation. By this time she had become extremely weak and had developed dysphagia. Three days after her admission, a left pneumonectomy was performed with the finding of a tumour in the dorsal segment of the lower lobe. Histology of the tumour revealed an anaplastic oatcelled carcinoma with involvement of the peribronchial lymph nodes. The patient tolerated the operation reasonably well but her muscle weakness was unaltered and during the following week she became more and more weak and eventually required artificial respiration. She died 10 days after the operation, 25 days after her first admission to hospital. (Fig. 6) , the sarcoplasm apparently degenerating within an intact sarcolemma. Muscle spindle fibres were also affected. No-inflammatory cells were present, and phagocytosis of the necrotic fibres was not seen. Although the degenerating fibres had a random distribution, there was, in addition, motor unit atrophy, from which it was concluded that denervation atrophy had occurred (Fig. 7) . Nerve fibre stains on all affected muscles revealed a very severe and widespread acute distal neuropathy, without any evidence of regeneration (Fig. 8) .
NECROPSY FINDINGS
ELECTRON MICROSCOPY Some of the muscle fibres were undergoing necrosis with depletion of myofilaments, irregularity of the band structure, increase in mitochondria, and absence of sarcolemmal nuclei and the plasma membrane of the sarcolemma. The appearances were very similar to those in case 2.
PERIPHERAL NERVES The femoral, median, and ulnar nerves were substantially normal.
SUMMARY OF CLINICAL AND PATHOLOGICAL FEATURES
The clinical presentation and the pathological findings were similar in all three cases. In each case the clinical presentation was with a rapidly progressive muscle weakness which caused death after short illnesses lasting five, six, and 12 weeks. The weakness appeared to involve all muscle groups, being first apparent as limb weakness but rapidly spreading to involve the trunk muscles and the muscles of swallowing and respiration. There were no physical signs implicating the central or peripheral nervous systems. Despite the weakness the tendon reflexes were always preserved. All three cases had a carcinoma of the bronchus. Case 2 and case 3 had features of Cushing's disease and in case 3 there were endocrine manifestations of a secretory carcinoma of the bronchus. The pathological findings in each case were also striking and consistent. All the muscles examined were abnormal except for the tongue. The common finding in all three cases was degeneration of muscle fibres without phagocytosis and with a minimal inflammatory reaction. The intrafusal fibres within the muscle spindles were similarly affected by degeneration. Allcases showed acute degeneration ofterminalintramuscular nerve fibres, and denervation atrophy of the muscle was detectable in case 3. Regeneration phenomena could be seen in muscle fibres (case 2), and in terminal nerve fibres (cases 1 and 2). No tumour cells were found in any of the muscles, and no significant disease or occlusion of intramuscular arteries could be detected. Electron microscopical examination showed profound necrosis of the affected muscle fibres, which lacked all the contractile protein and had no band structure or tubular systems. Mitochondria were the only organelles preserved.
No significant pathological changes were found in the central nervous system, and, in particular, in the two cases where the spinal cord was examined (cases 1 and 3) anterior horn cells, spinal nerve roots, and posterior root ganglia were normal. Examination of peripheral nerve trunks revealed no significant abnormalities. In all three cases, the primary tumour was an anaplastic bronchial carcinoma of oat-cell type, without metastases in case 1, and with insignificant metastases (in relation to the muscle disorder) in cases 2 and 3.
DISCUSSION
The three cases reported here represent an uncommon type of muscle necrosis occurring in association with carcinoma of the bronchus. These cases are comparable with four previously reported cases which will now be briefly cited.
Smith (1968, 1969) described the clinical features and pathological findings in muscle biopsies from three cases. Case 1 was a 54 year old woman who had been treated for carcinoma of the colon by a colectomy operation, after which she had rapidly developed a syndrome of muscle weakness. Case 2 was a 60 year old woman with a carcinoma of the left breast who developed weakness of her hands and arms associated with skin manifestations. After a mastectomy, the muscular weakness and cutaneous eruptions regressed, and two years later the patient was alive and well with no weakness. Case 3 was a 48 year old woman with a carcinoma of the stomach who developed mild proximal muscle weakness and a rash. She died from her tumour which had proved inoperable at laparotomy. The muscle biopsies on all these three cases showed extensive necrosis of the muscle fibres, apparently taking place within the sarcolemma, and leaving this structure intact. There was very little inflammatory response, and phagocytosis by histiocytes was not prominent. Regeneration of muscle fibres was present in all the cases. Muscle innervation was described only in case 1, in which methylene blue staining of the terminal innervation showed normal findings.
The histological features in our own three cases are very similar to those described by Smith. However, we found severe degeneration of the terminal nerve fibres which was not seen by Smith in the one case in which nerve fibres were examined. In their clinical aspects, our cases differ in that the muscle disorder was more fulminating, and probably more significant in causing death than in Smith's cases. In two of our cases, treatment of the primary carcinoma, by irradiation or excision, had no beneficial effect on the muscle disease. In Smith's case 2 the myopathy improved when the carcinoma of the breast had been removed but in none of the other cases was any improvement in the muscle disease seen when the malignant growth was treated. Case 1 of Smith was exceptional in that the myopathy developed after the tumour had been removed. Urich and Wilkinson (1970) We have a model of this situation in human polymyositis (some cases of which are associated with carcinoma) and also in experimentally produced autoimmune polymyositis (Dawkins, 1965) . In these two conditions the histological appearances differ markedly from those seen in the cases described here. Notably, the microscopical appearances in our cases lack the extensive lymphocytic infiltration which, from experimental and other evidence, we now know to be invariably present and probably causative in autoimmune polymyositis (Esiri et al., 1973) . Whether a humoral autoimmune system could cause this disease is doubtful, but in the known autoimmune polymyositis this type of immune response does not appear to be important.
It is conceivable that a carcinoma of the bronchus could produce an active circulating substance which is myotoxic. Such specific toxins are known in biology-for example, the venom of the Beaded Seasnake, Enhydrina schistosa (Reid, 1961 )-but as yet we have no evidence for any such toxin produced by a human cell.
A more acceptable explanation involves the production of a hormone by the tumour, and of course hormone secretion is well recognized in some cases of carcinoma of the bronchus. It is interesting and probably highly significant that in two of our three cases there was evidence that the tumours were hormonally active. The pattern of hormonal activity produced the clinical features of Cushing's disease in both these cases and in case 3 there were other hormonal features of secretory carcinoma of the bronchus. How these various hormones might cause muscle necrosis is difficult to understand, but it is possible that an effect on the vessels of muscles could cause ischaemia and muscle infarction. The histological appearances would agree very well with this explanation for which there is, however, no direct evidence. No single active hormone can be named which might have this effect.
A paper by Heffner (1971) describes three cases of muscle necrosis associated with adenocarcinoma of the gastrointestinal tract. Necropsies on these cases revealed that the cause of the muscle necrosis was arterial occlusion by emboli, and in all cases there was endocarditis (nonbacterial) of one of the heart valves, as well as evidence in other organs of embolic phenomena. In the light of this report we have re-examined all the histological slides of our three cases. No vascular occlusion of any type could be found in any of the numerous muscles examined, and we conclude that Heffner's cases have a different aetiology from that of the three cases described in this paper. 
